Astrophysics and Space Science manuscript No. 

(will be inserted by the editor) 



APEX survey of southern high mass star forming regions 



C. Hieret • S. Leurini • K. M. Menten • P. Schilke • S. Thorwirth 
F. Wyrowski 



o 
o 

(N 



I 

o 



> 

O 
O 



X 



Received: date / Accepted: date 

Abstract A systematic study of a large sample of sour- 
ces, covering a wide range in galactocentric distances, 
masses and luminosities, is a fast and efficient way of ob- 
taining a good overview of the different stages of high- 
mass star formation. With these goals in mind, we have 
started a survey of 40 color selected IRAS sources south 
of —20° declination with the APEX telescope on Cha- 
jnantor, Chile. Our first APEX results already demon- 
strate that the selection criteria were successful, since 
some of the sources are very rich in molecular lines. 
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1 Introduction 

The field of high mass star formation has seen a lot of 
progress in recent years. The main theoretical problem 
of radiation pressure threatening to stall accretion has 
been adressed with theories s uch a s increased turbu- 
lent accretion ( McKee &: Tan . 20031) . non-spherica l ac- 



20021 ) but 



lent accretion (|McKee &: lanl. I/!UUJI). non-sp 
cretion through disks ('Vorke & Sonnhalteq, 
also coalescence (Ballv & Zinneckcr, 2005) and compet- 
itive accretion (jBonnell et al.l 12004 ) . From an observa- 
tional point of view, the study of high mass star forma- 
tion is taking a huge step forward with the availabil- 
ity of new submm instruments such as APEX and the 
SMA. Despite the ongoing effords to s tudy the earli- 



est st ages of high mass star formation ([Beuther et al 



2OO2I : iFaundez et all . l2004t iHill et all . l2005|) no survey 
so far contained a large number of sources observed in 
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the whole submm regime, including the 350 /im win- 
dow. 

Therefore we have started a survey of 40 high mass 
star forming regions, based on color selected IRAS point 
source criteria, which we are observing between 230 GHz 
and 950 GHz. The spectral lines in the submm regime 
(see Table [Ij let us probe higher levels of excitation 
and densities and are therefore more appropriate for 
the study of high mass star forming regions than mm 
studies alone. Our selection criteria are such that this 
large sample will contain sources at very different stages 
of evolution and will allow a consistent and comparable 
analysis of these regions. 



2 Observations 

The data were taken mainly with the Atacama Path- 
finder Experiment (APEX), a 12 m submilli meter tele- 



scope on Ccrro Chajnantor, Chile at 5100 m (jCiisten et al 



20061). We used both the APEX2a heterodyne receiver 
ICiisten et all bood) and the dual frequency 460/ 810 
GHz Flash heterodyne receiver (jCiisten et al.Ll2006l ) for 
our observations. The APEX2a receiver has a beamwidth 
of 18" at 345 GHz and the FLASH beam- widths are 14" 
at 460 GHz and 7" at 810 GHz. The pointing was ac- 
curate within 2" . 



2.1 Frequency setups 

To study the physical, chemical and kincmatical prop- 
erties of the sources, we are observing them in a range 
of frequency setups (see Table [T]) . We have chosen to 
study the density and temperatures of the sources using 
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Table 1 Frequency Setups 



molecule 


frequency 


tracer 


CH30H(6-5) 


290 GHz 


density & temperature 


CH30H(7-6) 


338 GHz 


density & temperature 


H2CO{4-3) 


291 GHz 


density & temperature 


H2CO(5-4) 


363 GHz 


density & temperature 


H2CO{6-5) 


437 GHz 


density & temperature 


CO(3-2) 


345 GHz 


outflow tracer 


CO(4-3) 


461 GHz 


outflow tracer 


CO(7-6) 


806 GHz 


outflow tracer 


01^0(3-2) 


338 GHz 


molecular column density 


HCN{4-3) 


354 GHz 


dense gas 


HCN(9-8) 


797 GHz 


dense gas 


HCO+(4-3) 


357 GHz 


dense gas, outflows 



Table 2 Sample Statistics, showing number of sources with and 
without cm emission and maser (CH3OH, H2O and OH) emis- 
sion. 





masers 


cm emission 


yes 


no 


yes 


20 


4 


no 


11 


5 



H2CO - and CH3OH bands. Both, being slightly asym- 
metric ro tors, are useful tracers of temperature and 
densities (jLeurini et al.l . l2004lMangum fc Woottenl . ll993l ). 
and have a multitude of transitions in the submm range. 
Furthermore they can be found in many star forming 
regions and trace gas over a wide density range. 
The CO transitions will be used to study the extended 
envelopes of the sources, including outflows, whereas 
sources with a hot core behaviour are observed further 
in transitions of HCN, to examine the densest gas. All 
sources are also observed in C^^O to derive the total 
column density of the molecular gas. 
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Fig. 1 The CH30H{6-5) band in IRAS 17233-3606. This source 
turned out to be extremely rich in molecular lines. In this graph, 
only a sample of the identified lines is shown. 



4 Work in progress 

The excitation ana lysis is partly done in LTE with 
the X CLASS code dSchilke et al.[ Il999l: IComito et al ' 



3 The source sample 

The sa mple contains 40 IRAS sour ces based on the sarn - 
ples of iFaundez et all (|2004 ) and IWalsh et all (|l998l ). 
including sources with and without radio continuum 
and/or maser associations (see Table [2]) • 
The inital selection of the IRAS sou rces was done fol- 
lowing the color selection criteria from lWood fc Churchwell 
( 1989^ . which select objects with envelope characteris- 
tics similar to cloud cores with embedded UCHii re- 
gions. In those sources, the existence of cm emission 
pinpoints to an advanced and more massive stage of star 
formation, whereas CH3OH masers are seen as signs of 
the earliest stages of star formation. 
IR luminosities range from lO'^ to a few 10^ Lq in our 
sample and with masses from 100 to 10^ Mq. They were 
selected to encompass a broad range of evolutionary 
stages, since the aim of this study is to classify proper- 
ties of high mass star forming regions on a statistically 
significant sample. Our preliminary analysis shows that 
the sources have very diverse properties and range from 
very chemically rich hot cores (see Fig. [T] for a spectrum 
of 17233-3606) to sources that contain barely CII3OII 
and little more. 



2OO5I) and with an LVG code (jLeurini et all . 12004) for 
CH30H(6-5), CH30H(7-6) and the H2CO bands. Both 
molecules are good tracers of density and temperature 
and have the advantage of having a large number of 
transitions in the observed frequency setups (see Fig. [2] 
for the spectra of H2CO bands in 16065-5158 between 
290 GHz and 436 GHz). With these spectra we have 
access to levels between a few 10 to over 300 K above 
the ground state. 

Apart from modeling densities and temperatures, 
the data are used for kinematical analysis of the line 
shape, suggesting outflows which we intend to map (see 
Fig. El), and for possible signatures of infall, which can 
be seen in the HCO+ data. In addition to providing the 
physical and kinematical properties, our data also allow 
us to obtain a chemical inventory of the sources. 
We are using GLIMPSE data from the Spitzer Archive 
to study the large scale environment of the sources at 
infrared wavelengths. Over the course of 2007, this will 
be complemented with large submm maps from the 
LABOCA and SABOCA bolometers at APEX and high 
frequency maps from the CHAMP-I- heterodyne array. 
To obtain a better idea of the diverse conditions in high 
mass star forming regions, we have just started to ex- 
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Fig. 2 H2CO bands in IRAS 16065-5158 at 290 GHz, 363 GHz 
and 436 GHz. For tiie excitation analysis of this molecule, a LVG 
code (Leurini et al., 2004) will be used to model this large range 
of excitation conditions. 



-36°08'40" 



-36°09'00" 



-36°09'20" 



o 
o 
o 

CM 



u-36°09'40" 

Q 



-36°10'00" 



-36''10'20" 





R.A. [J2000] 



40=' 



Fig. 3 Outflow of IRAS 17233-3606. This CO(3-2) map was ob- 
served with APEX. 



5 Conclusions 

This large sample of sources will allow us to study and 
specify the evolutionary stages of high mass star forma- 
tion on a statistically significant sample. In addition, 
by learning more about the high mass star forming re- 
gions of the southern hemisphere, which have been little 
studied so far at submm wavelengths, we will create a 
valuable sample of sources for follow-up studies with 
ALMA. 
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tend our survey to sources in the outer Galaxy. Follow- 
up studies have already been started with ATCA (3 mm 
observations in selected sources) and the SMA (imag- 
ing the bipolar outflow in 17233-3606, Fig.^. These 
interferometer observations with their high spatial res- 
olution allow us to study in detail the structure of the 
star forming cores and their association with masers 
and UCHii regions in their surroundings. 



